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= UNITED STATES PATENT OFFICE - 


NOZZLE FOR ROCKET MOTORS 


Clarence N. Hickman, Jackson Heights, N. Y., 
assignor to the United States of America. as 
represented by the Secretary of War : 


Application June 28, 1945, Serial No. 602,141 
.9 Claims. (CI. 102—49) 


(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 


The invention described herein may be manu- 
factured and used by or for the Government for 
governmental purposes without the payment: to 
me of any royalty thereon. 

This invention relates to rockets and more par- 
ticularly to an adjustable nozzle for rockets. 
~ A rocket motor consists essentially of a cylin- 
drical chamber for containing a propellent com- 
position which upon ignition and burning gen- 
erates a hot gaseous fluid under pressure. This 
fluid, consisting of the combustion products of 
the propellent material; is discharged at a high 
velocity through a Venturi-like nozzle, located 
preferably at the rear of the motor chamber. 

In order to obtain a high specific impulse for 
rapidly accelerated‘ rockets a propellant having 
a high burning rate and high heat of explosion is 
preferred. This type of propellant is character- 
ized by the fact that its burning rate is variable 
with temperature. This invention is concerned 
primarily with the problem of providing means 
compensating for the effect upon rocket per- 
formance of this change in burning rate of the 
propellant with changes in temperature. 

: The pressure of the fluid within a rocket motor 
is determined by the equilibrium between the rate 
at which the combustion products are formed and 
the rate at which they are ejected from the 
venturi. The rate of ejection of these combustion 
products is roughly proportional to the pressure 
within the motor chamber, and the rate at which 
they are formed depends upon the rate of burning 
of the propellant. This rate of burning is pro- 
portional to pressure and depends also upon the 
temperature of the propellent material. 

The influence of ambient temperature upon the 
equilibrium pressure within a rocket motor causes 
the pressure to increase rapidly with ambient 
temperature. i i ; 

The detrimental effects caused by temperature 
variations will be made more apparent by con- 
sidering some design and operation factors af- 
fecting rockets. It is generally desirable to design 
a rocket with a minimum dead load and since it 
is the weight of the motor chamber that con- 
tributes chiefly to the dead load, the walls of the 
motor chamber are made just thick enough, allow- 
ing a reasonable factor of safety, to withstand 
the internal pressure at which the rocket is to 
operate. Now the optimum propellent loading 
which could be safely used at low temperatures 
would cause the motor chamber to rupture upon 
burning at high temperatures because of the in- 
crease in burning rate of the propellant at this 
high temperature. Consequently, in order tọ in- 
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sure against the possibility of motor. chamber 
rupture of these high temperatures, the surface 
of the propellant must be reduced or. else the 
throat area of the nozzle must be increased.. ‘This 
reduction: in surface area of. propellant, or. in~ 
crease in nozzle throat, results also in a reduction 
in effective velocity and maximum. range at the 
lower temperatures, pont 

In designing rockets for different temperature 
ranges, different nozzles may be selected to shift 
the point of maximum effective discharge velocity 
of the combustion product relative to the tem- 
perature scale so that the maximum may ‘occur 
at a relatively high, low, or intermediate tem- 
perature. In this invention it is proposed to 
utilize a nozzle having an adjustable throat. so 
that the maximum effective discharge. velocity 
and maximum range may be acquired at all tem- 
peratures within the operating limits with a 
single nozzle. 

Since the pressure rises. steeply with tempera- 
ture it follows that the burning time of powder 
grains having a uniform web thickness will de- 
crease as the temperature increases. This effect 
of temperature on' burning time places further 
restrictions on the. design and performance of 
rockets, particularly rapidly accelerated rockets. 
It has been discovered: that the dispersion en- 
countered in.rockets increases as the third power 
of the burning time. Consequently, if a loading 
arrangement were to ‘be designed to give. the 
lowest possible dispersion at low temperature by 
raising the pressure level in the motor to shorten 
the burning time, the pressure -developed “at 
higher temperatures would be excessive, result- 
ing in fracture of the motor chamber. To insure 
a reasonable maximum pressure over a specified 
temperature range, the pressure level must be re- 
dlicd to such a value that. the dispersion en- 
countered at the lower temperatures is greatly 
increased. By virtue of this invention however 
it is possible to design a rocket which will have a 
minimum. dispersion throughout the operating 
temperature range, and this dispersion will re- 
main substantially constant irrespective. of the 
temperature. Another advantage of the struc- 
ture characterized by this invention is that regu- 
lar burning of the propellant may be obtained 
at all operating temperatures. In the present 
design of rockets the propellant burns irregularly 
at very low. temperatures because its burning rate 
at these temperatures is too low to. cause a suf- 
ficient pressure to be built up within the:chamber 
to sustain burning. : ~ AD RRE en 

-The specific nature of the invention as well-as 
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3 
other objects and advantages thereof will clearly 
appear from a description of a preferred embodi- 
ment as shown in the accompanying drawing in 
which: 

Fig. 1 is an enlarged elevational view in section 
of rocket motor having a Venturi-like nozzle with 
a manually adjustable throat. 

Fig. 2 is an elevational view in section of a 
modification of Fig. 1. 

Fig. 3 is an elevational view in section of a 


Lo 


throat. The advantage in the modification, as 
illustrated in Fig. 3, is that.an adjustment of the 
throat cross-sectional area may be obtained in 
those rockets not equipped with burster tubes. 


In Fig. 3 there is shown a-hollow housing 2 de- 


fining motor chamber 31 having at its rear an 
inwardly flared entrance portion 32, leading to 


. a hollow cylindrical section 33 having an interior 
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rocket motor having a straight cylindrical nozzle - 


with a manually adjustable throat. 

Fig. 4 is an elevational view in section of a 
modification of Fig. 3. 

Fig. 5 is an elevational view in section of a 
rocket motor having a straight cylindrical nozzle 
with an automatically adjustable throat. 

Fig. 6 is an elevational view in section of a 
modification of the rocket shown in Fig. 5. 

In Fig. 1 of the drawings there is shown a 
‘hollow housing { defining a rocket motor. com- 
pustion chamber {0 which has an inwardly flared 
end, leading to a constricted cylindrical flange 
portion If. This flange portion (11 is internally 
threaded as at 12 to accommodate an adjustable 
nozzle 13. The interior of nozzle 13 is shaped to 
form a Venturi-like construction, being provided 
with front and rear portions 14 and 15, respec- 
tively, inwardly and outwardly flared to and from 
a constricted throat portion 16. 

One end 18 of a burster tube iT is conical in 
form and extends into the cylindrical flange por- 
tion lí. This end of the burster tube {7 is pro- 
vided with four centralizing spiders 19, which are 
provided for accurately centering the tube within 
the throat opening to insure that the annular 
throat will be perfectly symmetrical. By adjust- 
ing the longitudinal position of the nozzle 13, 
relative to the conical end of the burster tube 
iT by means of the threaded engagement there- 
between, the effective cross-sectional area of the 
nozzle throat 16 may be varied to provide for an 
increase or decrease in the ratio of the burning 
surface of the propellant to the throat area of 
the Venturi, sufficient to compensate for tem- 
‘perature variations. Preferably a portion of 
threads 12 on the nozzle are milled smooth so that 
the temperature indications may be engraved 
thereon. In this manner the effective throat 
area may be easily and certainly adjusted in the 
field by rotation of nozzle 13. 

In Fig. 2 there is disclosed a modification where- 
in a motor casing 21 and a Venturi nozzle 22 are 
integrally formed to provide an inwardly flared 
entrance 25, leading to a throat 24 of the nozzle 
and a rearwardly flared exit 23 for expanding the 
discharge gases. In this modification a burster 
tube 26 is terminated well forward of the throat 
24 and has its outer cylindrical surface threaded 
to receive a conical shaped adapter 27. This 
adapter 27 is provided with centering fins 28 
spaced about its periphery and a cylindrical re- 
cess 29 which is internally threaded so as to be 
-adjustable on the burster tube 26 to vary the 
-cross-sectional area of the annular jet formed 
by the outer surface of the adapter 27 and the 
nozzle throat 24. 

Recent tests reveal that.a rocket equipped with 
a cylindrical throat extension has a range and 
dispersion substantially equivalent to that ob- 
tained with a rocket motor having a flared ven- 
turi. Thus in accordance with this invention a 
rocket motor may be provided with a nozzle of 
adjustable throat area without the necessity of 
extending the burster tube to form an annular 
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39 of reduced diameter. An adjustable cone 34 
of streamlined configuration is secured to a sup- 
port ring 35 by means of four centralizing spiders 
36, opposite ends of which are welded to the 
tapered portion of the cone 34 and the support 
ring 35, respectively. Cone 34 thus defined an 
annular discharge passage in cooperation with 
housing i. The ring 35 is provided with internal 
threads 37 and is adjustably positioned on the 
cylindrical extension 33 by virtue of its threaded 
engagement therewith, to provide longitudinal 
adjustment of the cone 34 relative to reduced 
diameter portion 39 to vary the cross-sectional 
area of the annular jet. 

In Fig. 4 there is shown a further modification 
of a type of adjustable nozzle for use on a rocket 
motor employing a burster tube and having a 
cylindrical extension for the nozzle. As illus- 
trated, a housing 3 defining motor chamber 40 is 
provided having a reduced-diameter cylindrical 
extension 41, which is internally threaded to re- 
ceive a hollow externally threaded sleeve 42 hav- 
ing a forward outwardly flared portion 45.. A 
burster tube 43 is provided with a conical end 46 
which projects into the extension 41 and is pro- 
vided also with centralizing vanes 44 spaced about 
its periphery. Adjustment of the area of the 
annular throat formed between the conical end 
46 of the burster tube 43 and the outwardly flared 
portion 45 of the cylindrical sleeve 42 may be ob- 
tained by rotating the sleeve 42 within the cylin- 
drical portion 41. 

In each of the foregoing embodiments of this 
invention manual adjustment of the throat area 
has been provided. However, in the embodiment 
of this invention illustrated in Figs. 5 and 6, there 
is shown a rocket motor in which the throat area 
is adjusted automatically with pressure. Refer- 
ring now to Fig. 5, a housing 4 defining a motor 
chamber 51 is provided with a reduced-diameter 
cylindrical extension 52, the rear end of which 
is provided with radially projecting annular 
flange 50. A sleeve 53 having an outwardly flared 
forward portion 54 is slidably supported within 
the cylindrical extension 52 and is secured to an 
annular member or housing 55 by being threaded 
thereto. 

An annular discharge passage is defined be- 
tween flared portion 54 and the end of a burster 
tube 80. Spaced fins 8i are suitably secured to 
the end of burster tube 80 for centralizing 
purposes. 

A helical compression spring 56 is inserted 
within the space defined by the annular member 
55 and the outer surface of the cylindrical ex- 
tension 52 of the rocket. A ring 57 is threaded 
into the forward end of the annular member 55 to 
retain spring 56 under compression and to pro- 
vide means for adjusting the spring compression 
to adjust the force required to move the sleeve 
53 rearwardly within the cylindrical extension 
of the motor chamber. Spring 56 thus biases 
sleeve 53 forwardly to the position illustrated 
wherein the area of the annular discharge pas- 
sage is a minimum. ; 

In operation, the gas pressure developed within 
motor chamber 51 operates on the forward facing 


2,583,570 


surfaces of sleeve 53, and particularly on the 
flared portion 54 thereof to. produce a rearward 
force on such sleeve proportional to the gas pres- 
sure. Such rearward force is opposed by spring 
56. By proper proportioning of spring 56 the 
resulting rearward movement of sleeve 53 and 
hence the area of the annular discharge passage 
may be controlled to maintain the pressure de- 
veloped within motor chamber 51 substantially 
constant. 

In the modification . illustrated in Fig. 6, a 
cylindrical extension 11 of å housing 5 defining a 
Motor chamber 70 is provided with an inwar ‘dly 
‘projecting flange 12 at the rear thereof. A hol- 
low sleeve 73 is slidably inserted within extension 
1i and has a forward outwardly flared portion 17 
and a rear reduced diameter portion T4. A helical 
compression spring 15 is mounted within the 
annular recess defined between reduced diameter 
portion 14 of sleeve 73 and extension Ti and biases 
sleeve 73 forwardly. A flange 16 is suitably se- 


_- cured on the rear end of the adjustable sleeve 13 


to retain the sleeve in the position illustrated 
wherein the area of the annular throat defined 
between flared end 11 of the sleeve 73 and a 
tapered portion 18 of a burster tube 89 is a mini- 
mum. The movement of the sleeve within the 
cylindrical extension and against the coiled com- 
pression spring is automatic with pressure varia- 
tions within the motor combustion chamber and 
provides automatically for an increase in the 
throat area of the annular jet in the manner pre- 
viously described in connection with the struc- 
ture of Fig. 5. 

I claim: 

1. In combination, a rocket motor chamber 
adapted to contain a material combustible to 
generate a hot. propellant fluid under pressure, 
said chamber having a forwardly flared passage 
leading to a constricted orifice, a tube sup- 
ported longitudinally within said chamber and 
adapted to contain a high explosive for frag- 
menting said chamber, one end of said tube 
being conical and including spaced fin mem- 
bers and extending into said constricted ori- 
fice, a separately formed Venturi-like nozzle hav- 
ing a rearwardly flared exit passage extending 
from a constricted portion thereof, and means 
securing said nozzle to said chamber whereby 
said nozzle may be movable relative to said 
chamber to vary the cross-sectional area of the 
annular jet formed by the conical end of said 
tube and the constricted portion of said Ven- 
turi-like nozzle. 

2. In combination, a rocket motor chamber 
adapted to contain a material combustible to 
generate a hot propellant fluid under pressure, 
said chamber having a constricted exit orifice 
for said fluid, a conical member including spaced 
fin members extending within said orifice in co- 
axial relation therewith and with its tip directed 
rearwardly to form an exhaust passage, and 
means for effecting relative movement between 
said member and said orifice for adjusting the 
cross-sectional area of said passage. 

3. In combination, a rocket motor chamber 
adapted to contain a material combustible to 
generate a hot propellent gas under pressure, said 
chamber having a constricted exit orifice for 
said gas, a conical member having spaced fin 
members supported within said chamber to ex- 
tend within said orifice in coaxial relation there- 
with and with its apex directed rearwardly, a 
sleeve having a flared forward end and an open 
rear end, said sleeve being supported within said 
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motor chamber and adjacent said conical member 


to form with said member an anñülar exhaust 


‘passage for discharging said gas rearwardly, said 


sleeve being axially movable rélative’ to: said 
member to vary the’ cross-sectional ` area of said 
passage. 

4. In combination, a rocket motor- chamber 
adapted to contain a propellent material and 
having a restricted exit orifice at rear end there- 
of; a conical member having spaced fin’ mem- 
bers extending within said orifice to form an an- 
nular jet, a sleeve having a forwardly flared end 
positioned within said orifice and movable rela- 
tive to said conical member for changing the 
cross-sectional area of said annular jet. at its re- 
stricted portion, and means resiliently retaining 
said sleeve in a forward position within said ori- 
fice to form with said conical member an an- 
nular jet of minimum cross-sectional area, 
whereby the fluid pressure within said chamber 
applied to the end section of said sleeve will move 
said sleeve rearwardly against said resilient 
means to increase the cross-sectional area of said 
annular jet. 

5. In a rocket, a motor chamber adapted to 
contain a propellent material combustible to gen- 
erate hot propellent gas under pressure, said 
chamber having a constricted exhaust passage 
comprising a cylinder extending rearwardly from 
said chamber, said cylinder being open at its rear 
end, sleeve means slidably fitting within said cyl- 
inder and axially movable relatively thereto, said 
sleeve means having an outwardly flared forward 
end, and conical means including fin means fixed 
in said chamber and coacting with the flared end 
of said sleeve to change the effective cross sec- 
tional area of said exhaust passage in response 
to sliding of said sleeve as a result of changes 
in pressure of propellent gas within said cham- 
ber. 

6. In combination, a rocket motor chamber 
adapted to contain a propellent material com- 
bustible to generate a hot propellent fluid under 
pressure, said chamber having the wall thereof 
flared forwardly to form.an entrance passage for 
said fluid leading to a constricted throat, a rear~ 
wardly flared exit passage for said fluid leading 
from said throat, a conical member having fins 
extending therefrom supported to extend within 
said throat to form an annular jet, and means 
for adjusting the relative axial positions of said 
conical member and said throat. 

7. In a rocket, a casing forming a motor cham- 
ber, first means forming a constricted rearward- 
ly-directed exhaust passage from said chamber 
and having an open rear end, conical means in- 
cluding fin means within the forward end of said 
exhaust passage, said fin means maintaining said 
conical means in coaxial relation with said ex- 
haust passage and means for effecting relative 
axial movement between said first means and 
said conical means. 

8. In a rocket, casing forming a motor cham- 
ber having a constricted rearwardly-directed ex- 
haust passage, a cone having fins extending 
therefrom and having a rearwardly-directed 
apex and mounted within the forward end of said 
exhaust passage in coaxial relation therewith, 
and means for effecting relative axial adjustment 
of said cone and passage to thereby vary the 
effective cross-sectional area of said exhaust pas- 


"sage, 


9. In a rocket, a casing forming a motor cham- 


_ ber terminating in a rearwardly-directed con- 


stricted extension having an open rear end, a 
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‘sleeve slidably fitting within said extension and 
having a flared forward end within said cham- 
ber, a cone having spaced fins and mounted -to 
extend into the flared forward end of said sleeve 
in coaxial relation therewith and with its apex g 
directed rearwardly, spring means between said 
extension and sleeve urging the latter into for- 
ward position in which said cone and sleeve form 

a gas passage of minimum area, and stop means 
between said extension and sleeve, limiting the 10 
forward movement of said sleeve. 


CLARENCE N. HICKMAN. 
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